The Euphrates River is one of the major rivers in Iraq. When it reaches north of Hilla city, it will be divided in two branches. One of these braches flows toward Hilla city. On this branch, six locations were studied for the water quality of the Euphrates water. The present paper is aimed to fill the gap of information of the presence of PAHs (poly aromatic hydrocarbons) in water and sediment of Al-Hilla River, as well as to determine the quality and quantity of some PAHs. The depth of the river ranges from 2 m to 6 m. The quality, quantity and the origin of PAHs were studied in the water and sediment of Al-Hilla River. In addition, some physical and chemical properties were studied at six sites along the studied area, for the period March, 2010 to February, 2011. Sixteen PAHs that are listed by USEPA (US Environmental Protection Agency) as priority pollutants (Nap (naphthalene), Acpy ,h) anthracene), B(ghi)P (benzo(ghi)perylene) and Ind (indeno (1,2,3-cd) pyrene)) were detected in Al-Hilla river. High concentrations of PAHs were detected in the sediment relative to that within the water. The present study revealed that the origin of PAHs in water and sediment might be the pyrogenic origin.
Introduction
 PAHs (polycyclic aromatic hydrocarbons) exist in the environment and is distributed in both aquatic and terrestrial environments. PAHs can be both natural and anthropogenic origin. It can form by several pathways: biosynthesis, pyrogenic and petrogenic [1] . PAHs are able to absorb onto sediment limiting their bio-availability [2] . The PAHs toxicity depends on physical-chemical parameters of an aquatic system, number, position and chemistry of the basic aromatic ring [3] .
US-EPA [4] had identified 16 unsubstantiated PAHs as priority pollutants and benzo(a)pyrene is Gulf [14] [15] [16] . Al-Saad et al. [17] recorded a low concentration in marshland of southern Iraq, while pollution by PAHs recorded in the Tigris River due to discharge of sewage and oil waste [18] . The distribution of PAHs in the Euphrates River was studied recently by Ref. [19] while macrophytes and sediment of the Euphrates River by Mohammed et al.
and Hassan et al. [20] [21] [22] .
Sediment had been described as the "ultimate sink" or storage place for pollutants [23, 24] . PAHs concentrations in sediment are increasing in industrialized and urbanized areas, where many authors noted that the sediment is the source or a sink of contaminants in the aquatic environment [4, 25] . Many toxic contaminants are difficult to detect in aquatic systems due to their ability to accumulate in the sediments in higher level than in soluble form, hence it is difficult to control. Benthos are accumulated pollutants via the contaminated sediment through many ways [26] .
A study of PAHs in El Menofiya governorate, Egypt revealed dominances of four rings of PAHs in aquatic systems [27] . Pahila et al. [28] found lower concentration of total PAHs and remained almost at the same level two years after oil spill in southern Guimaras in the central Philippines. A study in Niger Delta revealed that the origin of PAHs was Petrogenic and sometime from other sources [29] .
The present study is aimed to fill the gap of information of the presence of PAHs in water and sediment of Al-Hilla River, as well as to determine the quality and quantity of some PAHs.
Materials and Methods

Study Area
Babylon was constructed 4,100 years ago and is one of the most ancient cities in the world. Now it is known as Babylon Governorate and its capital city is referred to as Hilla. This city covers an area of about 5,229 km 2 which lies in the middle of Iraq (100 km) to the north of the capital Baghdad and its population reaches more than 1,600,000. Al-Hillah city is located adjacent to the ancient city of Babylon and consist of 60 districts. It divided in to two parts by a big branch of Euphrates River called (Shat Al-Hilla) where it passes through the city center. The main Euphrates River, at its middle region in Iraq, is divided into Al-Hindiya River and Al-Hilla River (Fig. 1) 
Physical and Chemical Properties
Monthly samples were taken from six studied sites for 12 months that started in March, 2010 up to February, 2011. The temperatures of water and air, electrical conductivity, water transparency and pH, alkalinity, total hardness, calcium, magnesium, chloride and sulfate were measured according to APHA (American Public Health Association) [30] . TOC (total organic carbon) (%) was analyzed in the manner described by Gaudette et al. [31] . Sediment texture was analyzed following method described in Bouyoucos [32] .
PAHs: A-Sample Collection
The depth of the river varies from 2 m to 6 m. Water samples at depth of 50 cm were collected using pre-cleaned dark glass bottle (1 L) in a metallic holder around the bottle connected with a rope that was lowered into the water and allows to rest briefly to ensure that it is filled with water and then transferred to the labeled dark bottle (with volume 2.5 L) containing 60 mL of carbon tetra chloride CCl 4 solvent [33] . Sediment was collected using Ekman grab sampler and stored frozen at -20 ºC before it was analyzed [34] . This was done to eliminate any mixing with materials disposed on the surface of the water and to avoid any disturbance and mixing with bed sediments of the river.
B-Extraction of PAHs
A 30 mL CCL 4 was added to each one liter of sample in separator funnel, then shaken for one hour, to separate organic layer, the settled organic layer was collected in tight glass container and dark. Extraction procedure was repeated with another 60 mL of CCl 4 and collected in the same container. Then organic extract was evaporated to dryness by rotary evaporator and 1 mL of acetonitrile and methanol (90:10) was added to the flask [33] .
Sediment was dried under 15 ºC. A dry weight of sample (10 g) was homogenized in a stainless steel container. Then mixed with 25 mL of acetone with handle for 5 min, soak in a dark-cold place overnight. This mixture was shaken for 1 h. The solution was separated in dark glass containers and this process was repeated three times. Then the solution centrifuged at 2,500 rmp for 5 min. The supernatant solution was transferred for separation processes with a mixture of 50 mL hexane and 100 mL deionized water. The final volume of separation solution reduced to 10 mL by rotary evaporator. After that transfer it to silica gel cleanup column finally dried by rotary and dissolved in 1 mL of Acetonitrile and Methanol (90:10) and stored until measured in HPLC (high performance liquid chromatography) [34] .
The PAHs extracts of water and sediment were analyzed by high performance liquid chromatography (Schimadzu) model, Japan. Recovery test for evaluation of extraction method efficiency were done according to methods of Song et al. [35] and Kumari et al. [36] . PAHs in the spiked sediments were extracted following the procedure had been used in search (recovery percentage b  a / c × 100), where, b is the amount of analyte found after the addition of standard solution, a is the amount of the analyte found before the addition of standard solution, and c is the amount of standard compound added}. According to ratios (Phe/Ant, Chry/BaA, Flu/Pyr, Flu/(Flu + Pyr) and LMW (low molecular weight)/HMW (high molecular weight) can determine PAHs origins [37, 38] . The present study results were analyzed statistically by SPSS (statistical package for the social sciences) and Conoco for windows 4.5 CCA (canonical correspondence analysis).
Results and Discussion
The results of the studied physical and chemical properties of the study area were summarized in Table  1 . The highest values of air and water temperatures were recorded in July 2010 at Sites 6 and 1, respectively, while the temperature of air and water through the study period was always above 5 o C. Temperature affects water physical properties [39] . The present results for both air and water temperatures were influenced by the clear changeable seasonal climate in Iraq [40, 41] . Al-Hilla River had been characterized as a fast flowing river in comparison with other Iraqi River [42] . pH values were 7.6-8.8, this indicated alkaline which is a common features in Iraqi inland water [42, 43] . Higher concentration of total hardness might be due to high evaporation rates during summer season and the availability of cations [39] might be also due to high precipitation and thus high soil leaching and high present velocities [41] . The present study indicates that the diluting effects of precipitation and rising water discharge of studied river were the reasons of lower values of hardness, and it matched with other studies [42, 43] . The present results showed that the sediment texture was composed of clay, sand and silt sequentially (Fig. 2) .
The concentration of PAH in Al-Hilla River water ranged between 0.002 µg/mL for benzo(a)pyrene to 101.48 µg/mL for Acp (acenaphthene) ( Table 2 ). This might be attributed to urban runoffs, sewage discharges, vehicle exhaust emission and intense shipping activities that were observed during the sampling. Furthermore, due to the low solubility of PAHs in water it can be found in high concentration in solid particulates [44] . The lower concentration of some high molecular weight of PAHs in the water was also observed. This might be due to their high affinity to be adsorbed on dissolved organic matter [45, 46] . Accordingly, there is a big risk in Al-Hilla River because of PAHs characteristics (hydrophobic and easily accumulated in organisms through food chains). Other factors may be increased risks in the studied area due to their roles in the biotransformation of PAHs and synthesizing in the water column such as oxygen concentration (> 0.7 mg/L), ambient nutrient status, and presence of different types of microorganisms such as phytoplankton [47, 48] . According to the ratios of Flur/(Flur + Py), Phe/Ant, Chry/BaA, Flur/Py and LMW/HMW, the PAHs in water samples indicates that they are of different sources including pyrolytic and petrogenic sources. The ratios of phenanthrene to anthracene (Ph/An) and fluoranthene to pyrene (Fl/Py) have been widely used to distinguish petrogenic and pyrogenic sources of PAHs [49] . All ratios of the current research indicate that the source of PAH is pyrolytic [50, 51] The fluctuation of PAH compounds concentrations might depend on PAHs characteristic as lipophilic compounds while the low concentration related to their ability tend to adsorb to sediment [52, 53] .
High concentrations of PAHs in sediment were noticed as compared with that in water (Table 3) . It is well known that the concentration of PAHs in the sediment is usually found to be higher than concentrations in the water due to their physical and chemical properties [54] . The present results agree with Refs. [55, 56] . PAHs concentration in sediment were ranged (0.13-3.5 µg/g) for (Ph/An), based on this result the origin of PAHs is considered as pyrolytic sources because the values of less than 10 µg/g [57] .
To detect the sources of PAHs in an ecosystem the isomer ratios (Flu/Flur + Pyr) were used and to imply the sources for PAHs. Yunker et al. [58] promulgated that < 0.4 indicated as petrogenic sources while ratios between 0.4 to 0.5 explained the source from the burning of natural material.
According to the results of this study, it showed that the ratios of isomer in the range of (0.508-0.551) that demonstrated the pyrolytic sources [59] . The pyrolytic source of PAHs in the area might be due to the low molecular weight of some PAHs such as naphthalene and phenanthrene which are degraded rapidly in sediment. While the high molecular weight of other PAHs such as pyrene, fluoranthene, Benzo(a)anthracene and Benzo(a)pyrene are more recalcitrant, thus that leads to decrease their concentration [60] .
The seasonal variation of PAHs concentrations was clear. The highest concentration of PAHs was recorded in spring and winter, while the lowest concentration was recorded in summer. That may be due to the processes of photo-oxidation, volatilization and high degradation during the summer [50, 55] .
The total of PAHs compounds ranged 26.668-900.042 ug/g in sediment of the studied area and this result agrees with Al-Taee [9] . The concentration of TOC (%) in sediment is an important factor affecting PAHs concentration [51, 61, 62] . In current work, TOC (%) ranged (0.4%-2.2%) and the lowest values were recorded on Site 3 might be due to few human activities and lack of flow of sewage at this site throughout the study period. The highest values were in Site 6 [41] . There is an obvious relation between PAH and TOC observed in the current study that indicates the positive relation between TOC and PAHs [62, 63] . This relation might be due to many characterized of PAHs such as, tendency to organic compounds, anhydrous characters, or might be the fraction of TOC in the sediment [19, 64] .
The results showed negative correlation between PAHs and the grain size of sediment (silt), while a positive correlation with clay due to heterogeneity deposition of PAHs in the sediment and there is an appositive correlation between clay and TOC (%) was noticed. This correlation explains the positive correlation between PAHs and clay, in contrast to this correlation, there was a negative and positive correlation between sand and some PAHs individual according to their adsorption and affinity between PAHs and sand [64, 65] .
CCA for PAHs (in water) indicated that negative relationships were found between air temperature, water temperature, water flow and EC (electrical conductivity) (Fig. 3) . The present results were also observed in another study on urban stream [66] . Different relationships between dissolved oxygen and individual compounds of PAHs were observed in CCA for PAHs in water, positive relationships with phenanthrene, flurene, B(ghi)A, B(a)P and ND, while a negative relationship with other studied compounds. Research carried out in Iraq indicates there are high concentrations of total PAHs in some aquatic systems (Shatt Al-Arab River and north west Arabian Gulf) compared with the present study due to the effects of industrial activities study as well as, from direct domestic, industrial discharge and burning of wood for different purposes [16] . In the Euphrates River, the study of the hydrocarbons indicates that the low concentration was recorded in B(a)A, but the high concentration was recorded in B(a)P [55] , hence, it in contrast to the results of current study, where low concentration for B(a)P and high concentrations were recorded for Acep.
CCA explains the negative correlation between PAHs and the grain size of sediment (silt) (Fig. 4) . While a positive correlation with clay due to heterogeneity deposition of PAHs in the sediment and there is an appositive correlation between clay and TOC (%). This correlation explains the positive correlation between PAHs and clay, in the contrast to this correlation, there is a negative and a positive correlation between sand and some PAHs individual according to their adsorption and affinity between PAHs and sand [64, 65] .
The PAHs concentrations in sediment samples are several times higher than those in water, there is a strong correlation between PAHs in sediment and TOC (%) due to affinity to organic matter. 
